Recent literature suggests that product characteristics assert different distance sensitivity on trade flows. But the empirical evidences still find conflicting results. Previous studies have examined the effect of distance on the export decisions across different product groups at the aggregate level. In this paper the analyses are executed at a disaggregated firm-product level to examine the issue based on individual firm's decisions. Empirically, I employ a gravity model on Swedish micro-level export data in the manufacturing sector. The results suggest that homogeneous products are more sensitive to distance than differentiated products for the export selection and are insignificant for the export intensity.
Introduction
The negative relationship between distance and trade has been quoted as one of the most robust empirical findings in international trade literature (Leamer & Levinsohn, 1995) . Countries situated close to each other trade more intensively than countries that are farther apart. Such effect can be caused by the exporter's transportation costs of shipping from home to the destination, so that the greater distance also incurs greater transportation costs. Moreover, exporters can face greater transaction costs of having to deal with culturally or institutionally unfamiliar markets. These costs can arise from procedural differences, communication misalignment, or legal compliance. The more unfamiliar the market, the higher the transaction costs.
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decreases the extensive margin of exports by reducing the number of firms present and the number of available products in a particular market abroad. This is because distance increases the transaction costs, i.e. the fixed and sunk entry costs of setting up contacts and distribution network at host countries abroad. Such increase in costs lessens, in general, the number of firms that can afford these high entry costs (in other words, cross the productivity threshold) to become exporters (Melitz, 2003) ; and, similarly, the number of products to be exported for each individual firm.
Secondly, distance also affects the intensity decision and decreases the intensive margin of export by reducing the size of export per firm. M. Lawless (2010) considers distance to mainly capture the variable costs. But there might also be some fixed cost element in the distance. This is because after entry, each firm has to incur some unknown per-period fixed costs of maintaining the presence in the market (Segura-Cayuela & Vilarrubia, 2008) and also some market penetration costs of advertising to capture the market share (Arkolakis, 2008) . The greater dissimilarity between sellers and buyers tends to increase the uncertainty that leads to the increase of these per-period fixed costs and hence reduces the intensive margin of each firm. Similarly for the marketing costs, producers from far away are less likely to be known to the consumers in the market and a firm has to invest a considerable amount to publicise its products.
However, the impact of distance is not uniform across products but varies in magnitude due to the product characteristics. It is still uncertain whether homogeneous products are more sensitive to distance than differentiated products or the other way around. On one hand, we have the pioneering work by Rauch (1999) that introduces the theoretical network/search view and concludes that differentiated products assert greater sensitivity than homogeneous products. On the other hand, we can still find the conflicting empirical results. This paper is an extension of Rauch by disentangling the distance effect at the disaggregated firm-product level and include other dimensions of distance, i.e. cultural and institutional similarities to provide an empirical evidence to the unresolved question.
In the case of homogeneous products, which are categorised as the products on an organised exchange and the products with referenced price in Rauch (1999) , the products are standardised and can be compared by their prices without having to identify the producers trademark. The trader can obtain the price information through trade publications (or internet portals nowadays). This makes the search costs lower in comparison to the differentiated products, in which their characteristics vary in many dimensions, e.g. colour or technical features. Matching product characteristics across various markets would also include the identification of the producers 1 . But it can be argued that homogeneous products assert greater distance sensitivity due to the competition of similarly-produced homogeneous products from other competing countries nearby the destination market. Whereas the monopolistic nature of differentiated products enables a trade across great distances.
If we take a look from the firm's perspective, we can see that each individual firm faces the following decisions: (i) whether to export or not, (ii) where to export, (iii) which products to export, and (iv) how much to export each of these products. The first two questions are dealt with elsewhere (see for example Bernard and Jensen (2004), K. Lawless Martina; Whelan (2008) . Whereas the last two questions will be the main focus of this paper, in which it examines the aforementioned selection and intensity decisions of firm's export.
The literature that studies the distance effect on product export chiefly looks at the aggregate national level but not how each individual firm behaves. Rauch (1999) classifies products into three categories, organised exchange, reference priced, and differentiated, and estimates a gravity equation of aggregate bilateral trade of selected 63 countries in 1970, 1980, and 1990 . The result of higher distance effect for differentiated products is in support of his hypothesis that differentiated products assert higher trade costs besides transportation. Similar result from a different model specification is also obtained in G.-J. M. Linders (2006); Huang (2007) . Möhlmann, Ederveen, de Groot, and Linders (2010) , on the other hand, find the opposite results when using alternative estimation method on the 55 countries for the study, i.e. Heckman selection model with country dummies instead of standard OLS. Their given explanations are that differentiated products are produced in fewer places and preferably traded over a larger distance, and that the intangible costs are relatively less important for the products on organised exchange. Lankhuizen, de Graaff, and de Groot (2012) extend on these papers by using finite mixture model in order to endogenously group the products into homogeneous segments that are sensitive to geographic distance in various dimensions. The data is from 72 countries in 2000. Among the findings for the eight segments, for example, machinery and transport products are sensitive to high geographic distance, while bulk goods and crude materials are sensitive to low geographic distance.
The novelty in this paper is that I attempt to bridge the gap between the literature regarding the distance effect on firm export and the empirical evidence. This is done by examining the distance sensitivity across product groups based on export decisions at the disaggregated firm-product level, which has never been done in the previous studies. Studying the export decisions from a firm's perspective yields an insight into the mechanism of the distance effect on exporting firms. I also take into account the various dimensions of distance, not only as a geographical unit, but also cultural and institutional similarities.
The rest of the paper is organised as follows. The next section explains the theoretical framework in more detail. The methodology section specifies the empirical strategy and how some of the econometric estimation issues are resolved. Then the data descriptives follow. The results section presents and discusses the findings. The last section concludes the paper.
Theoretical Framework

Firm's Decisions
Each firm has several ways to do business. It can either produce and sell within the domestic market only or engage some parts abroad. On the production side, a firm can produce domestically or engage in offshoring activities by having some or all of its production that involves the intermediate inputs abroad. On the distribution side, a firm can sell at home or export its finished products internationally. Furthermore, it can do foreign direct investment (FDI) by setting up a subsidiary to produce and sell abroad, or even license the product to other firms to produce and sell under the agreement that bypasses the subsidiary altogether.
So an individual firm has to choose among these paths by ensuring that the benefits from expanding into the market across borders have to outweigh the costs. These costs consist of (i) the fixed and sunk transaction costs, i.e. from obtaining a permit and establishing network contacts at the host country; and (ii) the costs that vary with the total export, i.e. transport costs and tariffs. The so-called proximity-concentration trade-off means that a firm will export when the gains from maintaining the capacity in multiple markets outweigh the transport costs, and the opposite is true for FDI (Helpman, Melitz, & Yeaple, 2004) .
A firm decides to export, when it can afford the sunk entry costs on top of the variable transportation costs. Among all firms, exporters are found to be more productive (Wagner, 2007) . In other words, these self-selected firms have crossed the productivity threshold and become exporters (Melitz, 2003) .
When a firm exports, where does it goes to? A model and an empirical evidence by Eaton and Kortum (2002) and Eaton, Kortum, and Kramarz (2004) provide an insight on the geography of exports. The model attributes the effect of distance and barriers on trade to the technology. Trade occurs when buyers can search and match the lowest price among those offered by different producers abroad. If the goods are easily substitutable across producers from different countries, export is more sensitive to distance and trade barriers. When distance is great and costs are higher, firms can then export only a small range of goods. So we can see that most firms do export to a few destinations, which are likely to be located close to home.
Distance Sensitivity
As recognised by many scholars, distance plays an important role in trade decisions (Tinbergen (1962) , Krugman (1995) as prominent examples). The effect is twofold. Firstly, distance directly affects the transportation costs, so that a greater distance yields higher shipping costs. Secondly, it indirectly affects the transaction costs of trade. When the countries are situated far apart from each other, the cultural and institutional similarity becomes weaker, which makes it more difficult for exporters to establish the necessary network of distributors abroad.
The role of distance on transaction costs has been discovered in recent decades and quickly gained a place in the trade literature. A meta-study by Disdier and Head (2008) confirms the persistence of distance effect and G. M. Grossman (1998) shows that the distance effect is of a greater magnitude than could be accounted to transportation costs alone. Recent studies on the so-called intangible barriers also shed light on this unresolved mystery (Anderson & Marcouiller, 2002; Lankhuizen et al., 2012; G.-J. Linders & De Groot, 2006) .
Distance turns out not to be only a geographical unit dimension, it appears. Institution and cultural similarities are the additional dimensions that have a role in affecting a firm's decision to engage in export. The institutional differences between home and destination market can involve the protection of property rights and contract enforcement (Anderson & Marcouiller, 2002) . The imperfect alignment would eventually impose additional transaction costs on the exporters due to informational frictions from the uncertainty (Huang, 2007) . Accordingly, cultural similarities in terms of language, religion, colonial ties are found to be facilitating export because the trading partners easier communicate and share common understanding with each other (Rauch, 1999) .
All these various dimensions of distance affect the firm's decisions to export in two directions. Firstly, it affects the selection of firms. As the distance increases the export costs, both transportation and transaction, also increase. Only the productive firms can afford these costs to enter a market, each of which is affixed with a certain productivity threshold (Melitz, 2003) . Andersson (2007) argues that the familiarity between home and the destination market reduces this productivity threshold and allows more firms to selfselect into that market, and vice versa. So if great distances are associated with less similarity, they would reduce the extensive margin of export, i.e. the number of firms and available products at a particular market.
Secondly, it affects the intensity of export. Because the variable costs (transportation costs) are greater for countries that are further away, the exporter's capacity is then limited. However, M. Lawless (2010) formally shows that the variable costs ambiguously affect the intensive margin of each firm. Besides the transportation costs, there are also the fixed costs after entry. These are per-period costs of maintaining presence in the market (SeguraCayuela & Vilarrubia, 2008) and market penetration costs of reaching the target consumers (Arkolakis, 2008) . Dissimilarities between sellers and buyers are most likely to increase these fixed costs, and will result in the reduction of the export per firm.
Different product types are also expected to assert different distance sensitivity due to their inherent characteristics. Rauch (1999) proposes the network/search view that becomes common in trade studies. For homogeneous products, either products on organised exchange or products with referenced price, the products are standardised and no identification of producers is a prerequisite of price comparison. Traders can scan and match the buyers and sellers more easily. Compared to differentiated products, the same connection has to arise from a search process instead, so buyers and sellers need to establish network ties in order to match orders. This increases the transaction costs, which in turn are also associated with distance and cultural similarities. Therefore, it is expected that differentiated products would assert greater sensitivity towards distance and other intangible barriers.
Export Experience
So far the analysis of distance sensitivity mainly looks at a static picture. But we know that export is a dynamic process and should be treated as such. Once the exporters gain access to the foreign markets, the upfront fixed costs have already paid, so it is reasonable that the costs associated with export to the same market should be lower in succeeding years. This is because (i) the institutions are rigid and any procedural changes tend to be slow (ii) as a result, a firm learns to adapt to the market better, e.g. know which forms to submit or whom to contact for tax refund, and be more efficient in later years.
The idea that a firm learns from its past export experience is shared among many scholars. However, it is Helpman (1984) , G. Grossman and Helpman (1993) , and Clerides, Lach, Tybout, and of Economic Research (1996) who formally explain that learning by exporting leads to higher productivity. The technical or management expertise and the best practices of international buyers lead the exporting firms to increase their stock of knowledge. The increased knowledge then helps them to be more productive later. Besides, the productivity gain is channelled through higher competition in the foreign markets (Verhoogen, 2008) .
Methodology Estimation
In order to explain the decisions to export, many empirical studies in international trade usually employ the gravity equation. Throughout the years it has been tested and the general concensus is that the gravity equation is robust at exhibiting the negative effect of distance. Since the pioneering work by Tinbergen (1962) some scholars have provided the theoretical foundation for it, including Andersson and van Wincoop (Anderson, 1979; Anderson & Wincoop, 2003) , Bergstrand (Bergstrand, 1985) , and recently an extension of the model in Egger and Pfaffermayr (Egger & Pfaffermayr, 2011) .
The basic equation used in this paper is formulated as the following:
where the dependent variable X ijkt is the export from firm i to country j product k at time t and the independent variables are the vectors of destination country variables, distance variables, lagged firm-specific control variables; lagged import variable, and error term, respectively. A list of all the variables used and their description is in the Appendix. This paper uses Heckman selection model in order to estimate the above equation. The benefit of this method is that (i) it considers both firm's decisions, whether to export a product or not and how much to export, at the same time, and (ii) it better deals with the dataset suffering from many zeros in the dependent (continuous) variable, which is typical in trade data, including this one. There are several alternative estimation methods that deal with data with frequent zeros, for example Zero-Inflated Poisson (ZIP), Zero-Inflated Negative Binomial (ZINB), Pseudo Poisson Maximum Likelihood (PPML) (Santos Silva & Tenreyro, 2006 ) but such models are mainly appropriate for count data and an evidence of superiority over Heckman is still debatable (Martínez-Zarzoso, 2013; Martin & Pham, 2008) . Although Heckman selection model is sensitive to the model specification, given the above benefits this paper will adhere to this method.
The chosen Heckman method contains the outcome and the selection equations. The outcome equation is simply a log-linearised formulation of the model in equation 1.
Here the dependent variable is the continuous variable of export value, indicating how much firm i exports to country j product k at time t.
In the selection equation, the dependent variable is a binary choice variable, with 1 being the firm exports at time t and 0 otherwise, and is formulated as,
Also, it follows that
Lastly, the assumptions on the error terms are:
Both outcome and selection equations can be either jointly estimated with maximum likelihood or as a two-step approach, with maximum likelihood in the first stage and normal OLS in the second. I rely on the first approach to follow Verbeek (2008) as he points out that the OLS standard errors from the two-step estimator are incorrect, whereas the maximum likelihood provides a consistent and asymptotically efficient estimator.
Normally, in order to employ a Heckman selection estimator, at least one independent variable should be excluded in the outcome equation. Here I choose to exclude Human Capital variable since it affects more on the propensity but less, if at all, on the intensity of export.
Empirical strategy
As mentioned in the introduction, this paper focuses on the firm's decisions whether to export a product to a given market or not and how much to export. Therefore, each individual firm encounters the following choice problem: i) Selection: each individual firm chooses to export a certain product, out of its product portfolio, to a certain country, out of its established networks, in each year. Hence, the set of possible products and countries is constructed from each respective firm's possibility set of products and countries, defined from its experience throughout the period of study. Instead of constructing the possibility set for each firm from all manufactured products and all countries, this approach means that a shoes company, for example, would not consider to export automobile spare parts to foreign countries where it never has any past or future contacts. This way reduces the possibility set tremendously and allow me to make the analyses manageable 2 .
ii) Intensity: at any given year, each individual firm that decides to export a particular product to a particular country also has another decision to make, that is how much to export.
In preparation for the dataset, I follow the approach from a paper on local export spillovers in France by Koenig, Mayneris, and Poncet (2010) . The main advantage is the focus on the within transformation of each of firm's decision possibility set in order to not exhaust the analyses with explosively large dataset.
To begin with, I include only the active firms that appear throughout the ten-year period of study and with at least one export start. This means that firms with zero or negative sales and value-added are excluded from the dataset. The reason not to include temporary exporters is due to computational constraint. Furthermore, I also exclude product export observations in a particular country that persist for the ten-year period. So the possibility set of a triad (firm-country-product) will include at least one start during the entire period. The justification is that firms that persistently export the same product to the same country are already paying the upfront fixed entry costs so the comparison to new entrants would be incorrect. To control for any experience a firm has in the country, regardless of products, I also include a dummy with 1 if a firm has been exporting to that country before and 0 if it is a new export country.
Next, I exclude self-employed firms -firms with zero employee, due to the loglinearised model. The firms with extreme-valued exports at the top and bottom 1% are deleted, as is suggested in Wagner (2011) , to avoid a biasedness from the outliers. The distribution From the basic equation to estimate in the previous subsection, there are sets of country, distance, firm-specific, and previous import variables. The country variables include the nominal Gross Domestic Products (GDP) and the GDP per capita of only the destination countries. Usually in the gravity equation, the model also include these variables from the home country. But since the analysis is executed for exporters registered in Sweden only, there is no variation across firms in the dataset. The gravity equation here is therefore one-sided.
There are several distance variables included in the estimation. These variables constitute both the tangible and intangible barriers to trade. Firstly, the main variable of interest, i.e. the geographical distance, measured in kilometres away from Sweden. The measurement is a weighted great-circle distance that takes into account the main trading and financial cities of each country. Secondly, the contiguity or common border dummy. This variable takes a value of 1 if a destination country shares a border with Sweden, and 0 otherwise. It controls for neighbor trades, which tend to be disproportionally high and potentially bias the result. Thirdly, I include the landlocked dummy due to the fact that transportation costs are higher for countries without direct access to sea. Fourthly, a dummy indicating countries with English as the official language is included. Since there is no other countries sharing Swedish as the official language, the traders have to use English as the main lingua franca. Lastly, I control for the regional trade agreement. This is because the streamlined institutional system and the abandon of tariffs within the common trade area will induce gross trade creation through integration, as evidenced by Aitken (1973) and Carrère (2006) among others 3 .
The firm-specific set of variables is to control for firm's heterogeneity. I include valueadded at year's end, human capital in the estimation equation. Human capital is calculated as the share of highly-educated, i.e. graduated above secondary education level, workforce within a firm. In order to avoid endogeneity problem, I lag these variables by one year. To control for corporate affiliation, I also include dummies denoting a firm's affiliation to domestic or multinational corporation. Non-affiliation is used as a reference group to avoid the dummy trap problem.
Although the original dataset contains all firms in Sweden, the manufacturing sector is chosen while leaving away the service sector. This is because I want to focus only on firms that export what they are producing. Many firms within the service sector are intermediaries or trading firms. The manufacturing sector includes the industries indicated by the twodigit NACE 4 revision 1.1 codes 15 to 36. The distribution of exporters per total producers and the share of export per total sales for each industry is presented in the Appendix.
Data
The data for this analysis is a merge from three datasets. First, the firm-level exportimport data contains the export value and weight of products defined at 8-digit Swedish equivalent of Harmonised System (HS) for each individual firm. Second, the firm characteristics variables, including value-added, affiliation and several other variables. Both datasets are linked by a unique firm identification, encoded by Statistics Sweden. These two data are complemented by country and distance variables, available from Centre d'Étude Prospectives et d'Information Internationales (CEPII). A list of the variables is in the Appendix. The period of analysis is ten years from 1997 to 2006 and includes in total 2,151 manufacturing firms and 2,553 unique products. The descriptive statistics of all the variables in use are listed in Table 1 .
The product classification used in this paper refers to Rauch (1999) . Homogeneous products have reference prices and differentiated products do not. He further divide homogeneous products into products on organised exchange and products with reference prices on trade publications 5 . The share of both products in my sample over time is presented in Table 2 . Similar to Rauch (1999) , most of the exported products are differentiated and its share is increasing over the years.
Results
First I present the baseline regressions, using standard probit for the selection decision (columns 1-3 in Table 3 ) and OLS for export intensity (columns 4-6). The overall result is presented first and followed by separate regressions for homogeneous and differentiated products. Here I control for neither annual shocks nor industry heterogeneity. Throughout this and later regressions, the distance coefficients are negative, confirming its robust relationship to firm's export. Also, we can see that homogeneous products have greater distance sensitivity than differentiated products 6 . This contradicts those by Rauch (1999) and G.-J. M. Linders (2006) . For GDP and GDP per capita variables, they all show up positive and significant, meaning that the market size and income positively affect the export decisions. Interestingly, contiguity affects positively on the selection but negatively on export intensity, and more pronounced for differentiated products. This suggests that a firm is more likely to start export to a neighbour but due to market familiarity, it implies the stronger competition and affects negatively the firm's capacity. On the contrary, Regional Trade Agreement dummy negatively affect the firm's decision to start export but once it exports, the effective trade agreement will help enhance its capacity to trade more. Other 4 NACE is abbreviated for Nomenclature des ActivitésÉconomiques dans la Communauté Européenne or Classification of Economic Activities in the European Union.
5 For this division, there are conservative and liberal classifications, based on the aggregation ambiguities. This does not affect my results because I mainly look at homogeneous products as a whole.
6 Throughout the results the differences of the coefficients between homogeneous and differentiated products are tested and statistically significant. The value-added variable confirms Melitz's model on firm's productivity and export. The positive coefficient implies that higher productivity leads to more probability to export and more export size. Human capital is negative and significant for differentiated products but insignificant for homogeneous products in the selection equation. Affiliation When a firm has imported a product from the destination a year before, it has a substitute effect for differentiated products, both reducing the propensity and intensity to export, whereas it is insignificant for homogeneous products. On the contrary, if a firm has been presented (via export) in the destination before, it is more likely that a firm will continue to profiteer from the fixed entry costs, although the value of export in succeeding years is unaffected.
When we turn to Table 4 using the same estimators but this time controlling for annual shocks and industry heterogeneity, GDP has greater coefficients in the export intensity and interestingly GDP per capita turns insignificant for homogeneous products. Other impediment variables, contiguity, English dummy, regional trade agreement show weaker effects. For firm characteristics variables, value-added effect lessens but the effect is now stronger for human capital once adding year and industry dummies. The effect of affiliation lessens for domestic corporation but increases for multinationals. Import experience now has a positive impact on export decisions but past export experience is almost insignificant.
Once we change the methodology to Heckman selection in order to properly deal with the presence of zero export (Table 5 7 ) homogeneous products have a greater distance 7 The regression results employing Heckman selection with three product groups -organised exchange, sensitivity in the selection decision (the coefficient is greater by 34%). This is similar to Möhlmann (Möhlmann et al., 2010) , once they change to Heckman estimator and add country dummies, homogeneous products show up having greater distance sensitivity. But distance is positive and insignificant for homogeneous products in the intensity decision. The reason could be that homogeneous products are more standardised and competition from rivals close to destination market is fiercer than the more unique differentiated products. Once entered, producers of homogeneous products are more likely to ship in large quantity, so distance has insignificant impact in determining how much to export. Having a look at my dataset, the average unit price, simply taken as value divided by weight, of differentiated products is 255.86% more expensive than those of homogeneous products but the weight of homogeneous products are heavier by 136.39%. This means that for homogeneous products, they are more bulky and producers are more likely to compete in price, whereas differentiated products are charged with a monopolistic price. Comparing the results from OLS in Table 4 and Heckman in Table 5 , the differences are minimal. For robustness check, I run several specifications of the gravity model on full and sub-samples. The distance coefficients from all regressions are summarised in Table 10 in the Appendix. The conclusions hold for the model specification with no cultural and institutional variables and for sub-samples containing SMEs and non-affiliated firms using the main Heckman specification.
Conclusion
Although distance plays an important role in firm's export decisions, we still have not yet fully understood the mechanism behind its impact. In this paper I look at the distance sensitivity on firm's export selection and export intensity by different product groups, namely homogeneous versus differentiated products. The findings contradict the reference priced, and differentiated are presented in Table 9 in the Appendix. Reference priced products are most sensitive to distance and differentiated products the least. Moreover, I present all regressions using the liberal classification. The regressions using the conservative classification can be obtained upon requested. This does not change the findings. network/search view. After controlling for annual shocks and industry heterogeneity, homogeneous products are more sensitive to distance than differentiated products in the selection but turn out insignificant in the intensity decision. This can be due to competition of standardised products from different producers nearby the destination market. 
